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ABSTRACT

Anatomical models of the human heart describe the dis-
tribution of tissue including the orientation of fibers and
sheets. These models are the foundation for the simula-
tion of the electrophysiological and mechanical cardiac be-
havior. These simulations help to improve diagnostic and
surgical techniques as well as the medical education.

In this work the cryosection images of the Visible Female
dataset and a variety of digital image processing techniques
were applied to achieve a realistic, highly detailed anatom-
ical model of the heart. The model is stored in a three di-
mensional data set consisting of approximately 80 million
cubic voxels. Each voxel has a size of 0.33 mm x 0.33 mm x
0.33 mm and was assigned to one out of 20 different tissue
classes.

The incooperation of the myocardial fiber and sheet ori-
entation makes the model of interest for applications in the
scope of numerical field calculation. The model can be ap-
plied eg in the area of elasto- and fluidmechanics as well as
electrophysiology of the human heart.
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I. INTRODUCTION

Computer-based anatomical models of the human heart
are the foundation for the simulation of the electrophysio-
logical and mechanical cardiac behavior. These simulations
help to improve diagnostic and surgical techniques as well
as the medical education.

Anatomical models consist of information concerning the
distribution of tissue including the orientation of its fibers
and sheets. The inclusion of fiber and sheet orientation al-
lows the simulation of anisotropic behavior, which is signif-
icant eg for the electrical excitation propagation and elas-
tomechanical deformation.

Commonly, anatomical models of the heart are created
outgoing from medical tomographic images applying tech-
niques of digital image processing. In this work the pho-
tographies of the Visible Female dataset were used to derive
a realistic, highly detailed heart model. A variety of digi-
tal image processing techniques were applied to achieve an
anatomical model. The model includes the orientation of
fibers and sheets of the myocardium.

Figure 1.

Exemplary cryosection of the Visible Female
data set with a transversal view of the cardiac region.

II. MATERIAL

The foundation of this work are the cryosection images
of the Visible Female dataset provided by the National Li-
brary of Medicine, Bethesda, Maryland (USA) [1]. The
images are part of the Visible Human Project and show
transversal views of the cadaver of a 59 year old woman.
Each image consists of 2048 x 1280 pixels with 24 bit color
information (see figure 1).

III. PREPROCESSING, SEGMENTATION AND
CLASSIFICATION

The stack of 2D cryosection images was preprocessed to
obtain 3D-data sets. Therefore, the images were converted
and combined with techniques also used for the preprocess-
ing of the Visible Man data set [2]. Missing areas in the
Visible Female data are interpolated with usage of radial
basis functions.

The 3D-data set was segmented and classified using dif-
ferent techniques of digital image processing, eg interac-
tively deformable contours, thresholding, region growing,
and morphological operators [3][4]. The boundaries of the
atria, ventricles and pericardium were constructed using
interactively deformable contours [5]. The initial contours
were manually placed, oriented and scaled.

The boundaries of the atria and ventricles serve as a
mask for thresholding in the 3D-data sets to classify blood,
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Figure 2. Frontal view on the heart of the Visible Female.
(a) Interactively deformed contours are used to construct
boundaries. The boundaries serve for the further process-
ing of the cryosection images. (b) Result of segmentation
and tissue classification.

myocardium and other tissue. Further anatomical struc-
tures, eg the aorta, the truncus pulmonalis and coronary
vessels, are segmented with region growing techniques. Mi-
nor fail assignments were eliminated with morphological
operators. Therefore, sequences of median filtering as well
as opening and closing operators were executed.

IV. RULEBASED ASSIGNMENT OF ORIENTATION

In this work the orientation and lamination of myocardial
fibers is defined in a macroscopic sense. The determined
fiber orientation can be viewed as the averaged macroscopic
orientation of the principal axis of myocytes. The lamina-
tion is described by the averaged macroscopic orientation
of fiber sheets in conjunction with the fiber orientation.
Hereby, the region of averaging is the cubic voxel of the
anatomical volume dataset.

The orientation of myocardial fibers and sheets was in-
terpolated based on sets of restrictions. The sets of restric-
tions were determined with automatic methods inside and
on the surface of myocardial structures. For each structure
an individual rulebased method was chosen. For the atria
the method delivered fiber orientations, for the ventricles
the method delivered orientations of fibers and sheets.

The rules were derived from anatomical studies
[6][7][8][9][10][11][12], which examine the fiber and sheet
orientation for the different anatomical structures in the
heart. Two types of restrictions were used:

« points and their associated orientation

o points and an associated normal of orientation

Methods to adapt restrictions to anatomical variations
were developed [13].

Information from the anatomical model was used for the
interpolation of orientations. The interpolation was limited
to areas of myocardial structures. The interpolation of the

Figure 3. Anatomy of the heart from lateral. The atria
and ventricles are colored stemming from the Visible Fe-
male dataset. Venous and arterial vessels are colored in
blue and red, respectively.
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Figure 4. 3D visualization of heart with left ventricular
fiber orientation from anterior lateralis. The white lines
depict the macroscopic averaged orientation of the ven-
tricular myocytes.

atria and ventricles was performed sequentially [14].

V. RESULTS AND CONCLUSIONS

The anatomical model is illustrated in figure 2. It was
stored in a three dimensional data set, which consists of
approximately 80 million cubic voxels. Each voxel has a
size of 0.33 mm x 0.33 mm x 0.33 mm and was assigned
to one out of 20 different tissue classes, eg left and right
ventricle, left and right atrium, arterial and venous blood,
and fat as well as different kinds of vessels.

The fiber and sheet orientations were stored in a three
dimensional data set, with the same dimensions as the
dataset of the anatomical model. For each voxel three an-
gles are stored ranging from 0 to 180 degrees.



Figure 5. Sheet orientation of the left ventricle. A
transversal slice is shown from superior.

Figure 6. Truncus pulmonalis with fiber orientation. A
transversal slice is shown from superior.

The anatomy of the heart is visualized including the
fiber and sheet orientation. The movie 3 shows the cre-
ated anatomical model. The figure 4 shows the anatomy
of the heart and the orientation of left ventricular fibers.
The figure 5 shows a transversal view of the orientation
of sheets in the ventricular myocardium. Figure 6 shows
a transversal view of the orientation of the fibers in the
truncus pulmonalis.

The high resolution and the derived detailed description
of the anatomy enhances the repertoire of anatomical mod-
els of the human heart. Particularly, the incooperation of
the myocardial fiber and sheet orientation makes the model
of interest for applications in the scope of numerical field
calculation. The model can be applied in the area of elasto-
and fluidmechanics as well as electrophysiology of the hu-
man heart. Therefore, a change of the model representa-
tion might be necessary, eg to surface and irregular volume
meshes.
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